Abstract: Climatic variables such as temperature have been shown to correlate with demand for mental health services in other countries. An attempt by the present study to replicate this correlation using existing USA treatment data on mental health was not substantiated. Using annual state-level data from 2007 through 2015, the rate of mental health service utilization per 1000 population was correlated with average temperature and precipitation, while adjusting for Gross Domestic Product (GDP), unemployment, and urbanization. No statistically significant correlation was found.
Introduction
It is clear that the ambient temperature impacts public health (e.g., [1] ), and global climate change and local effects such as urban heat island will therefore have subsequent health impacts. Rising temperatures, in particular, are a cause of concern and are likely to increase both morbidity [2] and mortality [3] , especially in vulnerable populations. However, the impacts of temperature on behavioral health (substance abuse and mental health) have not received as much attention as those on physical health. A number of Australian and Canadian studies indicate that rising temperatures can also lead to exacerbation of behavioral health issues, causing increases in, for example, emergency room visits due to mental health [4, 5] . Researchers have begun to develop a framework to understand the relationship between temperature and mental health [6] . An Australian study [7] quantified the temperature threshold for triggering mental-illness-related emergency visits during extreme heat events. Another study [8] focused on such impacts on women.
Interestingly, very little attention appears to have been paid to the issue of environmental impacts on substance use and mental health disorders in the USA. This is especially remarkable given the exposure of parts of the USA to extreme temperatures, such as the southwestern USA and most (if not all) of the major cities that are subject to urban heat island effects. This paper is an attempt to establish the relationship between differences in climate across states and over time within states and the utilization of mental health services. Unlike other studies, this paper uses available official treatment data on mental health collected across states over time. The choice to use these state-level data presents as a viable alternative to using primary data, which are usually collected to conduct this type of research. The state and federal governments have been supporting the collection of the mental health treatment data and thus it would be worthwhile to test their potential for use. 
Methods
We begin an analysis of this relationship in the USA by examining and correlating climatic data for US states with the rate of mental health service utilization per 1000 population, which is commonly called the penetration rate. For the purposes of this study, we focus on mental health services and reserve substance abuse instances for a future study. For all 50 USA states as well as the District of Columbia, we attempt to correlate temperature and select economic indicators against a mental health indicator (i.e., penetration rate) using multiple linear regression analysis. We started by including all independent variables in the equation and systematically excluding variables suspected to be correlated with another variable (for example, using all temperature variables and excluding one variable at a time or using a combination of variables) and/or reducing the number of variables in the equation.
Data Sources: The data used for the analysis come from a variety of sources as described below.
Climate Data
Climatic data were obtained from the National Oceanic and Atmospheric Administration (NOAA)'s National Centers for Environmental Administration, which contains the Climate at a Glance resource [9] . As discussed in the next subsection, we were constrained since mental health data are available only at the state level, and only year-long averages are provided for the years 2007 through 2015. We therefore collected corresponding climate data for the same years, with annually averaged data for each state and the District of Columbia. Reference [9] provided state-wide minimum temperature, maximum temperature, average temperature, and precipitation.
Mental Health Data
The mental health data are collected annually from the State Mental Health Authorities (SMHAs) in all 50 states, the District of Columbia, and the eight U.S. territories through the Uniform Reporting System (URS) [10] . For this study, data from the territories are excluded. Data collection is supported and funded by the Substance Abuse and Mental Health Services Administration (SAMHSA) within the U.S. Department of Health and Human Services (DHHS).
Official mental health data in the URS are the only treatment data from publicly-funded mental health programs under the auspices of the SMHAs. Data are reported using standard protocol. Data reporting from the states started in 2003, but the first complete data set from all the states is available only beginning in 2007. For the purposes of this study, the penetration rate (or treated prevalence rate) is the dependent variable. It is the ratio of the number of individuals who received mental health treatment services to the total number of state population. The numerator is the unique count of individuals who received a mental health service from the SMHA during a 12-month reporting period, and the denominator is the state population, expressed per 1000 population. An individual who received a service during the reporting period is counted only once in the numerator, although the person may have received different types of services many times during the year. Some confounding factors may affect a state's penetration rates over time or between states. These factors include but are not limited to the state's reporting capacity, characteristics of the state's mental health service delivery system, funding levels, state-identified priority populations receiving publicly-funded mental health services, etc.
GDP, % Urban, and Unemployment Data
Recognizing that climate variables are not the only factors that can affect the rate at which mental health services are received, we also consider both economic variables and living environment. The economic proxy variables are per capita real gross domestic product (GDP) and unemployment rate-averaged both statewide and annually-for the same years for which mental health data are available (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) statewide population that lives in an urban area, defined here as a community of at least 50,000 people by the USA Census Bureau [13] . Since the last national census was taken in 2010 (it is normally done every 10 years), we used the 2010 value and assumed that the percent of a state's population that lives in such urban areas did not change over the period [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . For all other variables, however, we considered annual averages over the same time periods.
As stated above, we gathered data for all 50 states plus the District of Columbia, which contains the city of Washington, DC. Rather than showing tables for all 50 states and the District of Columbia, Table 1 presents the data for three representative states: Arizona, Ohio, and Minnesota. These three states are in dramatically different climate zones. According to the climate zones defined by the US Department of Energy Building America Program [14] , Arizona is largely in the "Hot-Dry" zone, Ohio is largely in the "Cold" zone, and Minnesota is mostly in the "Cold/Very-Cold" zone. The diversity of climate zones in the USA contributes to the difficulty in establishing quantitative relationships between health indicators (like the penetration rates used here) and climate variables, given that individual states can be very different in other ways besides climate. % urban population, unemployment rate, and finally the penetration rate per 1000 people (our variable that indicates the rate at which behavioral health services are availed). Since the focus of this article is on the impact of climate on mental health, a graphical representation of the average temperatures for each state and DC is provided in Figure 1 Our attempt at multivariate regression analysis will be discussed in the next section. Before that, we single out the effects of two independent variables that may have an impact on the utilization of mental health services: average temperature and the fraction of a state's population that lives in urban areas. Beginning with average temperature, Figure 2 Our attempt at multivariate regression analysis will be discussed in the next section. Before that, we single out the effects of two independent variables that may have an impact on the utilization of mental health services: average temperature and the fraction of a state's population that lives in urban areas. Beginning with average temperature, Figure 2 Since the focus of this article is on the impact of climate on mental health, a graphical representation of the average temperatures for each state and DC is provided in Figure 1 Our attempt at multivariate regression analysis will be discussed in the next section. Before that, we single out the effects of two independent variables that may have an impact on the utilization of mental health services: average temperature and the fraction of a state's population that lives in urban areas. Beginning with average temperature, Figure 2 The assumed linear correlation suggests that as temperature increases, the penetration rate decreases. However, there are other potentially confounding factors, including the other variables given in Table 2 . We therefore divided the 50 states and the District of Columbia into six groups, ranging from the lowest average temperatures (−3 to 6 • C) to the highest average temperatures (17 to 23 • C). These grouped temperature results are presented in Figure 3 as a function of the year. Interestingly, the states with the lowest average temperatures show the highest penetration rates, while those with the highest temperature show the lowest. States with intermediate average temperatures fall between these two groups. Another variable which appears to be important for mental health service utilization is the fraction, or percentage, of the population that lives in urban areas. Similar to the results in Figure 3 , the 50 states plus the District of Columbia were divided into six groups, ranging from the least urbanized (less than 50%) to the most urbanized (91 to 100%). These results are plotted in Figure 4 , again as a function of the year. Perhaps contrary to expectations, the more rural states exhibit the highest penetration rates, while the most urbanized exhibit the lowest. Another variable which appears to be important for mental health service utilization is the fraction, or percentage, of the population that lives in urban areas. Similar to the results in Figure 3 , the 50 states plus the District of Columbia were divided into six groups, ranging from the least urbanized (less than 50%) to the most urbanized (91 to 100%). These results are plotted in Figure 4 , again as a function of the year. Perhaps contrary to expectations, the more rural states exhibit the highest penetration rates, while the most urbanized exhibit the lowest.
Results
given in Table 2 . We therefore divided the 50 states and the District of Columbia into six groups, ranging from the lowest average temperatures (−3 to 6 °C) to the highest average temperatures (17 to 23 °C). These grouped temperature results are presented in Figure 3 as a function of the year. Interestingly, the states with the lowest average temperatures show the highest penetration rates, while those with the highest temperature show the lowest. States with intermediate average temperatures fall between these two groups. Another variable which appears to be important for mental health service utilization is the fraction, or percentage, of the population that lives in urban areas. Similar to the results in Figure 3 , the 50 states plus the District of Columbia were divided into six groups, ranging from the least urbanized (less than 50%) to the most urbanized (91 to 100%). These results are plotted in Figure 4 , again as a function of the year. Perhaps contrary to expectations, the more rural states exhibit the highest penetration rates, while the most urbanized exhibit the lowest. A similar attempt was made to group the data by precipitation amount, but no clear dependence on precipitation was seen. This is in contrast to a previous study linking the amount of sunshine to suicide attempts [15] , but it should be noted that the annualized data that we are considering makes it impossible to distinguish the amount of sunshine on any given day. 
Multiple Linear Regression Attempt
Results of the multiple regression did not show any significant relationships between climate indicators and the rate of mental health service utilization (Table 3) as some of the studies earlier cited in this paper [3] [4] [5] [6] [7] suggested, but in agreement with [8] . The results derived from this study suggest that high temperatures do not necessarily correlate with an increased utilization of mental health services. The traditional factors that account for low mental health service utilization-such as one's low perception of the need for services, lack of insurance, prohibitive cost of treatment, stigma, or even the perception that treatment would not help-may partially explain why a linear and strong correlation was not shown [16] . In addition, the regression analysis did not account for the lag time effect of high temperatures in service utilization rates, which was observed in [5] . This may have provided important insights on the gestation period when the interaction between high temperature and one's emotional and behavioral well-being leads an individual to seek treatment. The analysis was also limited by the aggregate nature of the data, which did not allow for determining the duration of extreme temperatures (very low or very high). An interesting observation from the regression is the suggested inverse relationship between average temperature and mental health penetration (utilization rate). As supported by the state data in Table 2 , the states with lower average temperature have higher rates. That is, colder states report higher rates of mental health service utilization. Although this may not be totally surprising as explained by the condition of seasonal affective disorder, the limitation of the data as earlier cited was not able to confirm this explanation. Seasonal affective disorder (SAD) means that "some people experience a serious mood change during the winter months, when there is less natural sunlight. SAD is a type of depression. It usually lifts during spring and summer [17] ."
Discussion
An analysis of USA state-wide annualized mental health data for the years 2007 through 2015 reveals that the states with the lowest average temperatures exhibit the highest utilization of mental health services, while the states with the highest average temperatures exhibit the lowest. Similarly, the most rural states have a higher utilization of mental health services than more urban states. An attempt at multivariate regression analysis did not yield statistically significant results, perhaps because the available mental health data are only available at the state-wide level and are given as annual averages, and therefore do not allow the effects of localized transient climatic conditions to be considered.
This study suggests that relationships are harder to determine when using aggregate data. This raises the concern on the usefulness of available secondary treatment data across all 50 US states when examining the impact of climate on mental health. Using primary data to examine the impact of climate on mental health is too costly, in effect becoming an obstacle for further inquiry on this subject matter. Lower units of analysis or disaggregated data such as person-level data on treatment, and episodes of treatment with time factor may all be helpful. Modification in data collection protocols may bring greater research capacity and more meaningful, conclusive findings.
Conclusions
An examination of statewide-aggregated mental health service utilization data in the USA revealed no statistically significant relationship between ambient temperature and penetration rate per 1000 population. Potentially confounding variables that were analyzed included precipitation, per capita gross domestic product, unemployment rate, and the percentage of the state's population that lives in rural vs. urban areas. Although no statistically significant correlations were found with any of these variables, the results suggest that states with lower average temperatures and percent urbanization have populations with greater mental health service utilization. Analyzing disaggregated data, especially with finer time resolution, may allow quantitative relationships between mental health service utilization and these variables to be determined.
